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ABSTRACT

We present a new 4-key text entry method thatkamnost
few-key methods, is gestural instead of selectiasel.
Importantly, its gestures mimic the writing of Ramlatters
for high learnability. We compare this new 4-keythoal to
predominant 3-key and 5-key methods theoreticadlipgi
kKspCc and empirically using a longitudinal study of 5
subjects over 10 sessions. The study includes aluation
of the 4-key method without any on-screen visuéiize—
an impossible condition for the selection-basedhos.
Our results show that the new 4-key method is dwick
learned, becoming faster than the 3-key and 5-kethoas
after just ~10 minutes of writing, although it ptmeés more
errors. Interestingly, removing a visualization tfie

gestures being made causes no detriment to they 4-ke

method, which is an advantage for eyes-free tetxyen
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INTRODUCTION

Text entry with only a few keys has been studiechobile
computing for some time [1,6,7]. As mobile techryis
shrink while becoming more powerful and network-esya
3-to-5 key methods remain relevant for devices sash
wrist-watch PDAs, GPS units, and 2-way pagers. érea
besides mobile computing may also benefit from key-
methods. For example, fabric keypads have been sdgwn
smart clothing [9], and few-key methods have besadfor
people with limited ranges of motion [2].

Prior few-key methods have mostly been based o
selection, displaying letters on a screen (Figue 1
Although selection methods are easy to learn, theye
serious drawbacks for mobile text entry: (1) theguire a
screen; (2) the selections themselves consume opieci
screen real-estate; (3) they require a user’s Visti@ntion
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Figure 1. A classic 3-key design. The letter “e” is currently selected.

and cannot be done by feel; (4) they involve twoi-faf-
attention, the text being written and the seleetdbtters;
and (5) they can be quite slow and tedious.

Gestural methods, on the other hand, depend naham-
screen depiction of selections but on the executibn
meaningful motor patterns. Therefore, they gengddl not
suffer from the aforementioned drawbacks. One daakb
of gestural methods, however, is that gestures rbest
learned. Thus, learnability is crucial [12]. In tfew cases
where gestures have been applied to keys [2,3dY, have
been somewhat arbitrary and difficult to learn. Hweer,
the advantages of gestures for few-key text entayrant
the investigation of a quickly learnable gestueahnique.
We present a new 4-key method that relies on mnamon
gestures reminiscent of Roman letters. Our metltopts
the EdgeWrite alphabet [13], originally designed dse on
PDAs by people with tremor.

PRIOR FEW-KEY TEXT ENTRY METHODS

3-Key Date Stamp

Text entry with three keys has been studied infu¢®f7].
Three-key methods rely on two keys to move a setdeft
and right and a third key to select a letter. Altglo there
are many possible layouts, we chose one that aqu®v
study found “particularly promising” [7] (Figure .1 his
design places space to the left, and the selenagssthere
after each entry. This enables users to unhegjtgtinove
the selector to the right after each entry. It ad®ystrokes
per characterk6Po)® of 10.53 using the frequencies from
[11]. Layouts with lowerkspcC exist, but these often
increase visual search time at the expense of sfigéH
The design in Figure 1 was measured at 9.10 woeds p
minute (vpM) and 2.11% errors in a single session [7]. Note
that we augmented this design with backspace (f&r)
error correction. Its placement to the left of spaoes not
increasexspc because the selector does not wrap.

1Keystrokes per charactetspg) is a frequency-weighted measure
of how many key-presses are required to enter legeh [6].



The 3-key method is greatly enhanced by key-repeat.
key-repeat times were taken from prior work [7] aed to
176 ms for the initial delay and 32.1 ms for theeat
delay. These are fast key-repeat times and enajgle h
performance by experts.

5-Key Selection Keyboard

The 5-key method uses four keys to move over aixnatr
letters and a fifth key for selection [1,6]. Oursim is
based on the GlenaywsccessLink llpager [6] (Figure 2).
Its alphabetic layout is optimized to put commoatteles ‘e’,
‘s’ 't’, 'n’, ‘0’ and ‘U’ near space. Where the faml device
had punctuation marks we replaced them with ag&teris
since punctuation was not used in our other methods

Eile Keys
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Figure 2. The 5-key method used in our study. This alphabetic
layout is based on the Glenayre AccessLink Il two-way pager.

Thekspcfor the commercial product is 3.13. As with the 3-

key method, we augmented the 5-key method with

backspace ('<’). Its placement to the left of spageimally
increasexspc to 3.24. Like the 3-key method, the 5-key
method employs snap-to-space (*_’) and key-repeat.

Both the 3- and 5-key designs could redus®C using
optimization techniques. BWspPc is not the sole design
factor, as visual search time is significant [1].
Manufacturers have generally eschewed fully optaaiz
keyboards, perhaps favoring users’ first impressiomer
their extended performance. Certainly, the intetemit use

of few-key text entry methods requires that theygbikly
learnable. Our new 4-key method also prizes initial
usability, employing mnemonic Roman-like gesturegro
short arbitrary strokes that would be faster tdqren.

Gestural Few-Key Methods

There have only been a few gestural few-key textyen
methods. One methodMDITIM [3], is not intended
specifically for keys but is adaptable to them.ldtters are
comprised of strokes in the four cardinal directi@md are
generally not similar to Roman forms. We calculated
KsPcCto be 3.06. Its inventors report that entry wiik four
keyboard arrow keys was ~4v@8m and ~3% errors after
ten 30-minute sessions (~5 hours) using a styltsore[3].

Another techniqueUDLR [2], is intended for the four
keyboard arrow keys. All letters consist of 3 arisy-
presses, i.ekspcis 3.00. After a week of practice, speeds
reached ~13.%9/Pm, but users reportedly suffered from high
confusion due to the arbitrary key sequences.

Finally, Jannotti's design folconic text entry [4] uses all
10 keys of a numeric keypad, allowing users togratters
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that are somewhat reminiscent of Roman forfoenic's
KSPC is 2.43. It was reported to have a Fitt's law-ded
theoretical speed of 19\8Pwm, but to our knowledge, this
was never empirically validated.

4-KEY EDGEWRITE

EdgeWrite is a unistroke method originally desigried
stylus entry on PDAs for people with tremor [13]ithVa
stylus, strokes are performed inside a square hatle

stabilizing plastic corners and edges. EdgeWritstiges
are fully defined by the sequence of corner-hitsytmake
inside the square. In our new 4-key version, eaghptess
represents a corner-hit (Figure 3). Thus, unlikell®! or

UDLR, key-presses do not represent strokes, buyp@nts
of strokes, allowing for more Roman-like gestures.

Figure 3. EdgeWrite letters mapped to four keys. Letters are
defined by their sequence of corner-hits: i.e., “a” = 324, “n” = 3142,
“d” = 2434. For a full character chart, see www.edgewrite.com.

The kspc of EdgeWrite’s primary letter forms is 3.52.
Admittedly, this is higher than the 5-key selecti@yboard

(3.24). But gestural methods do not require visedrch

like selection methods do. Thus, in this case, weeha

tradeoff betweerspcand visual search.

Adapting a unistroke stylus method to four keysumess a
solution to the segmentation problem, since “styii’sis

not relevant. For segmentation we chose an adaptive
timeout that adjusts on a per-letter basis to heed at
which a user makes a letter according to Equation 1

n-1

t, -t

F )(i:l

n-1

Here, T is the time until segmentatiof, is a multiplier
preference ranging from 1.20 (expert) to 2.00 (ceyit; is
the time of thei™ key-press, and is the number of key-
presses i > 1). Thus, for users making fast strokes,
segmentation occurs sooner than for users makiog sl
strokes. After each key-down event, the timer apgéd so
that segmentation cannot occur until all keys greWhen

all keys are up, the timeout is computed and theettiis
restarted. When the timer elapses, segmentationrgcc
meaning the corner sequence is recognized and reset

T

)

2EdgeWrite defines alternate forms for most lett@rsincrease
guessability [12]. Its primary forms are those c¢desed most
intuitive. Using its shortest formgspc drops minimally to 3.30.



EVALUATION

Our study compared our new 4-key technique withpither
3-key and 5-key methods. We conducted the study b@e
short sessions simulating “daily intermittent use.”

Method

Five subjects (2 female) ranging from 27 to 33 yeald
took part in our study over 10 consecutive daydj&iis
were all right-handed daily computer users. Thegam
keyboard typing rate was 70.¥8M ( =13.76) with 3.54%

included Method Order(1..4) but found no order effects,
indicating adequate counterbalancing. Measuressifigle
subject were not independent, Sobjectwas modeled as a
random effect. Standard deviations are listed neqheses.

Speed

AveragewpPMs over all 10 sessions were: 3-key 9.08 (1.31),
5-key 10.62 (2.61), 4-key 12.50 (3.91), 4-key-no¥z94
(3.99). By session 10 these improved to: 3-key 91833),
5-key 12.86 (2.26), 4-key 15.95 (3.22), 4-key-no¥E& 86

total errors (=1.22%). None of the subjects had used any(3.06). Figure 5a depicts speeds over sessions [jage).

of the few-key methods. They were paid $10 perigess

a. b.
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Figure 4. (a) The text entry test software. (b) 4-key EdgeWrite.
During testing, methods were placed below the phrases.

The test software (Figure 4a) presented phrases [Bh In
all, it logged 1600 test phrases, or about 50,0@0acters.
Backspace was supported, and subjects were naddoc
remain synchronized with the presented text [10§. iA
prior work [1], the numeric keypad was used witte ¢vand
to control the few-key methods. Subjects were toldise
the key configuration they found most comfortabléey
used 3 fingers with 3-key, 3 or 4 fingers with 5¢kand 4
fingers with 4-key (e.g., on the 1, 2, 4 and 5 keydsing
the numeric keypad allowed us to compare methodgrun
ideal conditions: one-handed with familiar comfoiia
sized keys. Actual devices could be tailored towamg of
the techniques should results warrant further aesig

Each session consisted of 2 warm-up phrases arebt8 t
phrases for each of the four methods. These 1Gehtaok

~5 minutes to complete per method. To see how the

gestural method fared with no visualization, weluded a
condition4-key-novizwhere the stroke window (Figure 4b)
was removed. Although this resulted in two EdgewVrit
methods per session, the total time for EdgeWr#s still
just ~10 minutes. Moreover, the two selection mesho
shared common features, e.g., key-repeat timesartdin
keys. The presentation order of the four methods wa
counterbalanced according to a Latin Square.

During the 2 warm-up phrases, an EdgeWrite characte

chart was displayed, but this chart wasg shown during
the 8 test phases. Not surprisingly, subjects lbaduess
many strokes in the early sessions [12]. Althougit n
showing a character chart undoubtedly hurt the yi-ke
methods, we wanted to assess learnability withiolst a

Results

We analyzed our repeated measures data using amand
effects model in whiclsession(1..10) andViethod (3-key,
5-key, 4-key, 4-key-noviz) were repeated factorse W
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A main effect forwpM is significant over 10 sessions for
Session (F;167350.63, p<.01), Method (Fs16+72.61,
p<.01), andSessiorx Method(Fs 16727.91, p<.01). That is,
subjects sped up over time and did so at differatets with
each method. Contrasts show that the speeds of-Key
methods were not detectably different {&1.45, ns), but
were significantly faster than 3-key(fs~202.78, p<.01)
and 5-key (Ir16767.21, p<.01). Also, 5-key was faster than
3-key (R 16+7~26.88, p<.01).

Learning curves show high correlations (Figure 5a).
Subjects learned the 4-key methods quickly, ovartpthe
selection methods by session 2. Subject 3 perforthed
fastest with all four methods (Figure 5b). OversE3sions,
his wpM reached: 3-key 11.03 (1.35), 5-key 15.99 (1.65), 4
key 20.75 (1.47), 4-key-noviz 21.73 (1.50). Subj8x
single fastest phrase occurred in session 9 wih4tkey
method at 24.08/Pm and 0% errors. This is remarkable for
typing on four keys after ~90 minutes of practice.

Errors

Corrected errors are any letters backspaced dwirigy
[10]. Thus, corrected errors reduaeem. Corrected error
rates (%) over 10 sessions were: 3-key 1.69 (1B%Kpy
1.73 (1.49), 4-key 7.23 (4.26), 4-key-noviz 6.7430%. A
main effect for corrected errors is significant ®ession
(F1,164:38.93, p<01),Meth0d (F3,164:64.32, p<01), and
Sessionx Method (F3 1679.87, p<.01). Contrasts show the
4-key methods were not detectably different ;60.75,
ns), but were more error prone than 3-key,{F130.82,
p<.01) and 5-key (f167125.69, p<.01). Also, 3-key and 5-
key were not significantly different (ks+~0.02, ns).
Although more error prone overall, 4-key errors pred
significantly over sessions {g=47.43, p<.01) and may
have continued to do so over future sessions (Eigay.

Uncorrected errors are those that remain in thestr@ption
[10]. Uncorrected error rates (%) over 10 sessivese: 3-
key 0.60 (0.75), 5-key 0.96 (1.10), 4-key 1.69 1. A-key-
noviz 2.00 (2.05). A main effect for uncorrectedoes is
significant for Session(F; 167~4.00, p<.05) andMethod
(F31649.05, p<.01) but not forSession x Method
(F3,1640.43, ns). Contrasts show that the 4-key methods
were not detectably different {l+~1.37, ns), but left more
errors than 3-key (FRe+722.71, p<.01) and 5-key
(F1,16710.42, p<.01). Also, the 3-key and 5-key methods
were not significantly different ¢Re~1.73, ns).



Figure 5. (a) Mean WPM and learning curves. (b) Fastest subject WPM and learning curves. (c) Corrected errors drop significantly for 4-key.

Clearly, speed andncorrectederrors are at odds—one can ACKNOWLEDGEMENTS

go faster if one leaves more errors. We can therafee
&)

as a unified measure. Means over 10 sessions By
9.02 (1.29), 5-key 10.52 (2.58), 4-key 12.28 (3.79key-

AdjWPM =WPM~ (1- Uncorrectal Error Rate)

noviz 12.67 (3.87). By the f0session these improved to:

3-key 9.74 (1.32), 5-key 12.73 (2.25), 4-key 15(3®9),
4-key-noviz 16.42 (3.27). Since the uncorrectedrerates
of all four methods were low 2%), the 4-key methods
were still significantly faster using Adpm than 3-key
(F1,1647195.42, p<.01) and 5-key (s+62.83, p<.01).

DISCUSSION

Despite being gestural, the 4-key methods werekbuic
learned, demonstrating the benefits of mnemonituges
[12]. It is clear from the learning curves that meessions,
or sessions offering more practice, are neededntb the
asymptotic speeds of the 4-key methods.

It is not surprising that the gestural methods wiess
accurate, although uncorrected error rates weréy faiw

for all four methods (2%). Other studies of selection vs.

gestural methods [5] confirm the latter as ofterrenerror
prone. For users to enter an error with a seleatiethod,
they must place the selector over the wrong lettetstill
choose to select it. In a gestural method, eveoreectly-
intended stroke may be poorly executed or misreizedgn

Future work will improve accuracy by intelligently
handling premature segmentations and by preventlng

backspaces for a brief period after non-recogrstion

CONCLUSION
We have presented a new 4-key text entry methoedbais

mnemonic gestures. The method demonstrates how fiRoma

letters can be mapped to four keys to create akiyuic
learnable gestural technique. Our new method ierfaksan
previous selection-based few-key methods, althoeigbr
rates were higher. Our results indicate that remmva
visualization of the letter stroke being made nst

detrimental to the gestural method, which may have

positive implications for text entry in mobile, wedle, and
assistive contexts.
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